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From October 1, 1986 to December 31, 1989 directional coronary
atherectomy was performed during 1,020 procedures (1,140 le-
sions) at 14 clinical centers . Abrupt vessel closure, defined as a
last coronary occlusion or subtotal occlusion associated with
clinical evidence of myocardial ischemia, occurred in 43 proce-
dures (4 .2%)
.
It developed in the calhelerization laboratory in 34
patients, but was delayed I to 96 h after directional atherectomy
in 9 patients. By unlvarlate analysis the Incidence of abrupt
closure was higher in directional atherectomy of de novo lesions
(p < 0 .011), lesions in the right coronary artery (p = 0.001) and
disuse lesions (p = 0 .04) . The incidence of abrupt closure tended
to be lower in directional atherectomy of saphenrns vein grafts as
opposed to native coronary arteries (1 .6% vs . 4.4% ; p = 0.08) .
Clinical findings during abrupt closure included severe angina
in 26 patients, nyocarrdi& infsrrlion in 17 patients, hypoteesion in
Despite advances in equipment design and operator experi-
ence, balloon angioplasty remains limited by a 4% to 6%
incidence of abrupt vessel closure (1-4). A variety of pre-
disposing clinical, angiographic and procedural factors for
abrupt vessel closure after balloon angioplasty have been
identified (2) and used to estimate procedural success and
complication rates (5.6)
.
The utility of these criteria was
recently validated in a multicenter experience of multivessel
balloon angioplasty (6) .
When standard balloon methods are associated with an
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5 patients and death in 2 patients. Balloon angioplasty w
attempted in 32 patients after abrupt vessel closure. In 16 patients
balloon angioplasty resulted In Initial resolution of the closure
episode, although I patient died 96 h after the procedure. Fifteen
of 16 patients without initial improvement after balloon angio-
plasty underwent coronary bypass operation ; 9 additional patients
with abrupt closure were referred directly for bypass operation .
It Is concluded that abrupt vessel closure develops relatively
infrequently after directional coronary atherectomy . !n the ab-
sence of severe coronary dissection, abrupt c!wnre _n„:.- direr-
lional atherectomy may ire effectively managed with balloon
angioplasty in some cases, although coronary bypass operation is
often required.
(J Am Colt Cardiet 1992;19 :1372-9)
increased risk of complications, alternative mechanical tech-
niques may be of value (7,8) . One of these, directional
coronary atherec,.,nry, involves direct excision and mechan-
ical dilation of the obstruction, a process that may result in
improved postprocedural angiographic appearance com-
pared with standard balloon techniques (9) .
Coronary
atherectomy may be particularly useful in lesions at high risk
for abrupt vessel closure, such as ulcerated, irregular or
thrombus-containing lesions (10,11).
Certain clinical and morphologic features have been
correlated with initial procedural success and complication
rates after directional coronary atherectc„ ty (11) . However,
the factors predisposing to abrupt vessel closure after direc-
tional atherectomy have not been defined, and neither man-
agement guidelines nor clinical outcomes of patients who
develop this complication have been described . To gain
insight into the frequency, management and procedural
outcome of patients with abrupt closure after directional
coronary atherectomy, the initial 1,020 directional coronary
atherectomy procedures performed at 14 clinical centers
during pre-clinical evaluation period were reviewed .
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Methods
Patient selection . From October 1, 1986 to December 31,
1989, directional coronary atherectomy was performed dur-
ing 1,020 coronary revascularization procedures at 14 clini-
cal sites associated with the U .S . Directional Atherectomy
Investigator Group (Sequoia Hospital, n = 381 ; The Mayo
Clinic, n = 127 ; University of Michigan, n = 92; Beth Israel
Hospital, n = 86 ; St. Vincent's Hospital, n = 76
: Emory
University, n = 71 ; Cleveland Clinic, n = 52 ; The Christ
Hospital, n = 50; Mid-America Heart Institute, n = 22 :
Rhode Island Hospital, n = 21 ; Medical College of Virginia .
n = 16; St. Joseph's Hospital, n = 15 ; Georgetown Univer-
sity Hospital, n = 6
; Texas Heart, n = 5 [see Appendix])
.
Patients with clinical or exercise-induced ischemia and focal
proximal coronary stenoses or stenoses with marked eccentric-
ity or irregularity in arteries of at least 2 .5 mm lumen caliber
were generally considered candidates for coronary atherec-
tomy. Patients with ongoing myocardial ischemia, those with
acute myocardial infarction within 14 days, severe congestive
heart failure, excessively calcified lesions or unprotected left
main coronary stenosis were excluded . Also excluded were
patients with peripheral vascular disease precluding placement
of an I I F sheath into the femoral artery . Informed consent,
approved by the respective institutional review boards, was
obtained from all patients before the procedure under the
Investigational Device Exemption for clinical testing held by
Devices for Vascular Intervention (DVI)
.
Atherectomy procedure
.
After pretreatment with aspirin
and a calcium channel antagonist, a 10F or I IF sheath was
secured in the femoral artery . After intravenous administra-
tion of 10,000 to 15,000 U of heparin, coronary atherectomy
was performed with methods described in detail elsewhere
(7) . In 214 procedures (21%), predilation with standard
balloon angioplasty was performed to facilitate passage of
5F to 7F Simpson Coronary AtheroCath (DVI) . In the
remaining procedures, the atherectomy device was ad-
vanced directly across the coronary stenosis. A 7F atherec-
tomy device was generally selected for arteries >3 .5 mm in
diameter, a 6F device was used for arteries 3 to 3 .5 mm
in diameter and a 5 F device was utilized for arteries <3 mm
in diameter. The use of heparin after the procedure was left
to the discretion of the investigator
.
Clinical characteristics. Patient age, coronary risk fac-
tors, New York Heart Association angina classification,
history of prior myocardial infarction, balloon angioplasty
or bypass surgery, number of diseased vessels and baseline
left ventricular ejection fraction were recorded front the
clinical case report forms . Hypercholesterolemia was con-
sidered present when the total serum cholesterol level was
>200 mgldi. Myocardial infarction was classified as recent
when it occurred within the preceding IS to 90 days and
remote when it occurred >90 days before coronary atherec-
tomy. After atherectomy, the number of discrete tissue
fragments flushed from the housing device was recorded
.
Angiographiecharacteristics . Lesions were characterized
by the principal investigator at each site according to loca-
POPMA ET AL
	
1373
ABRUPT VESSEL CLOSURE AFTER ATHERECTOMY
Lion, length, eccentricity and calcification . New lesions were
classified as those without prior coronary angioplasty. Le-
sions were measured by calipers ; those estimated to be
shorter than 10 mm were
focal, those 10 mm or longer but
<20 mm were tubular
and those 20 mm or longer were
diffuse .
After atherectomy, cineangiograms were reviewed
for lumen irregularities, coronary dissection and intimal
flaps
. Use of adjunctive balloon angioplasty before and after
coronary atherectomy was also recorded .
Abrupt vessel closure was defined as transient or pro-
longed coronary Occlusion (Thrombolysis in Myocardial
Infarction [TIMII grade O or I flow 1121) or TIMI grade 2 flow
associated with clitcca'. or elecsoewvitogapbic (ECG) evi-
dence of myocardial ischemia. In the absence of coronary
arteriography, abrupt closure was presumed present if trans-
mural myocardial ischemia occurred outside the catheteriza-
tion laboratory and emergency coronary bypass operation was
required or death ensued. For the purpose of this analysis, all
cases of abrupt closure were attributed to coronary atherec-
tomy, although in two cases coronary atherectony was used in
an unsuccessful attempt to restore patency after abrupt closure
after balloon angioplasty. From the available clinical and
angiographic information, the principal investigator classified
the cause of abrupt closure as coronary dissection, guide
catheter dissection, coronary thrombosis or indeterminate. In
the absence of a severe coronary dissection, coronary throm-
bosis was defined as total coronary occlusion preceded or
followed by intraluminal haziness or a discrete filling. Indeter-
minate causes were those that did not meet the criteria for
either coronary dissection or coronary thrombosis .
Procedural outcome
.
Successful atherectomy was de-
fined as a residual percent diameter stenosis <50%, tissue
retrieval and the absence of in-hospital ischemic complica-
tions . Hypotension was defined as a sustained systolic blood
pressure <90 mm Hg. Bradycardia was recorded when the
heart rate was <40 beats/min. Q wave myocardial infarc-
tion occurred when creatine kinase WK) MB fraction was
>401U and new Q waves were noted by the investigator in
serial ECGs . Non-Q wave myocardial infarction was re-
corded when CK MB exceeded 40IU in the absence of new
Q wave evolution. Myocardial infarction was attributed to
the coronary atherectomy procedure, whether or no subse-
quent coronary bypass operation was performed . Emer-
gency coronary bypass operation was performed within 24 h
of the procedure; elective coronary bypass operation was
performed >_24 h after the abrupt closure event .
Statistical analysis. Continuous variables are expressed
as mean values ± SD and dichotomous variables are ex-
pressed as frequencies. The risk of abrupt vessel closure for
each variable was expressed as a likelihood ratio (2) :
Probability cf closure, variable present
Probability of no closure, variable present
Probability of closure, variable absent
Probability of no closure, variable absent
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Table 1 . Clinical Features of 1,020 Patients Undergoing Directional Coronary Atherectomy
'Analysis was not performed because there were no observations in the abrupt closure group . Number and
percent are reported for each variable because of missing values. CARD = coronary bypass operation; ETT =
exercise treadmill test : LVEP = left ventricular ejection fraction : NR= not reported; PTCA = coronary angioplasty.
Differences between groups were evaluated by using an
unpaired Student 1 test for continuous variables and Pearson
chi-square analysis for dichotomous variables . A p value
< 0
.05 was considered significant
.
Results
Clinical features of patients with abrupt vessel closure
(Table 1)
. Coronary atherectomy was performed success-
fully in 845 procedures (82 .9%) (Fig . 1)
. Of 175
unsuccessful
procedures (17 .1%), 43 (4.2%) were due to abrupt vessel
closure . Compared with patients with a restenotic lesion,
patients with a de novo lesion had an increased risk of abrupt
closure (6 .6% vs . 1 .6% ; p < 0 .001) . No correlation between
abrupt closure and patient gender, left ventricular ejection
fraction or the presence of multivessel coronary artery
disease was noted.
Although nearly 75% of
abrupt vessel closures developed
during the atherectomy procedure, abrupt closure developed
I to 96 h later in nine patients (Table 2). It was most
commonly associated with prolonged angina, which was
present in all nine patients with out of laboratory closure .
Hypotension, bradycardia and ventricular arrhythmias were
less frequent.
Angiographie and prtcedural features (Table 3) . Al-
though lesions within the right coronary artery accounted fur
<25% of all lesions treated with coronary atherectomy,
nearly 50% of the abrupt closures occurred in this vessel
(p < 0.001). The incidence of abrupt closure was higher
Figure 1 . Procedural outcome of 934 patients (1 .020 procedures)
undergoing direetioial coronary atherectomy . Lab = laboratory.
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Likelihood
Ratio
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p
Age 1Yrl
<44
4[91 101 [101 105113) 0.89 N5
45 to 54
13 [301 223 1231 236 [231 1 .46 NS
55 to 64 13 [301 318 (331 331 [331 0.89 NS
65,04 11 1261 253126] 2641261 0.99 NS
75+ 215) 82 (81 84 (81 0.53 NS
Male gender
321741 788 [811 820180] 0.70 NS
Cardiac risk factors
Smoking 211491 5411551 562155] 0.77 NS
Hypertension 18[421 416[431 434143] D.97 NS
Diabetes
7[161 138
(141
1451141 1.15
NS
Hypembolesresoleein 29,671 551 [561 5801571 1 .60 NS
Angina status
Stable 22 [511 4341441 4561451 1.31 NS
Unstable 16137] 452146] 468[461 0.71 NS
+EIT only
5 [121 91 [9) 9619] 1.28 NS
Myocardia]infarction
Recent 7 [16] 89191 96 [91 1.94 0.11
Remote 7 [161 283 [291
290[281
0 .48 0.07
Prior PICA
13 [301 586 [60] 599 [591 0.29 <0.001
Prior CABO 4 [91 254 (261 2581251 0 .29 0.01
De novo lesion 33 (771
498(451
531 [461 3 .17 <0.001
LVEF
-0.40 0101 50 [51 50151 NS
0 .41 to 0
.50
2 [51 56 [61 58161 0 .80 NS
>0.51
251581 543 [561 568 (56] 1 .11 NS
NR 161371 328 [331 344 (341 1 .17 NS
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Table 2 . Procedural Outcome of 43 Patients With Abrupt Closure
templed in 32 patients (Fig. 2). In 16 procedures (50%),
successful resolution of the abrupt closure was achieved
with use of balloon angioplasty, occasionally with adjunctive
atherectomy (n = 6) . One patient died 4 days after
apparently successful balloon angioplasty (see later)
. Of
the remaining 16 patients in whom balloon angioplasty
was unsuccessful, 15 underwent emergency coronary
bypass operation . In addition, direct coronary bypass
operation was performed in nine patients . In two patients,
because of a small area of jeopardized myocardium, neither
balloon angioplasty nor coronary bypass operation was
performed after the development of abrupt closure . After
abrupt closure, myocardial infarction developed in
17 patients, including all 9 patients with out of laboratory
closure .
The success of balloon angioplasty in resob , ing the epi-
sode of abrupt closure appeared, in part, related to the cause
of the closure (Table 4). Balloon angioplasty tended to be
more successful when the cause was thrombus or indeter-
CABG = coronary bypass operation : MI = myocardial infarction : minale rather than coronary dissection (,62% vs . 27% : p =
0 .06).
Mortality after directional coronary atherectomy. Five
patients died in the hospital during the study period, two in
association with abrupt vessel closure . One of these pa-
tients, a 79-year old man with a history of stable angina,
underwent uneventful coronary atherectomy of a 90% left
anterior descending coronary artery stenosis . At the time of
sheath removal 6 h later, hypotension and hradycardia
developed, subsequently associated with chest pain and
ECG changes suggestive ofanterior watt ischemia . Coronary
arteriography demonstrated total occlusion of the left ante-
rior descending artery . Successful balloon angioplasty was
performed with resolution of the chest pain and ECG
changes. Because of residual thrombus at the site of balloon
angioplasty and recurrent ventricular arrhythmias, the pa-
tient was referred for emergency coronary bypass operation,
during which saphenous vein grafts were successfully placed
to the left anterior descending, diagonal, ramus and right
coronary arteries. Despite successful revascularization, the
patient died of refractory ventricular fibrillation shortly after
operation.
Another patient, a 66-year old woman with class IV
angina, underwent coronary atherectomy of tandem lesions
within a calcified left anterior descending artery . At the
end of the procedure, it was noiad that a guide wire frag-
ment remained in a septal perforating branch of the left
anterior descending artery. The patient remained hemody-
namically stable and no signs of ischemia were noted.
She was treated with intravenous heparin and did well
over the ensuing days, but profound bradycardia and
hypotension developed suddenly 4 days after the procedure
.
Attempts at resuscitation were unsuccessful. Postmortem
examination demonstrated occlusion of the left anterior
descending artery and an intramyocardial guide wire within
the septal perforator, which presumably served as a nidus
for thrombosis . Of the remaining three patients whose death
V
.Iachfib = ventricular tachycardia or ventricular fibrillation .
(6.9%) in procedures in which <_4 specimens were obtained,
although this risk was not significantly different whether 5 to
7, 8 to 10 or >11 specimens were obtained (3 .1%. 3.3% and
2 .6%, respectively).
Although not statistically significant, the incidence of
abrupt vessel closure appeared to diminish over the study
period . From July 1, 1988 to December 31, 1988 (296
procedures), January 1, 1989 to June 30, 1989 (270 proce-
dures) and July l, 1989 to December 31, 1989 (388 proce-
dures), the incidence of abrupt closure incrementally de-
cFned from 5.7% to 4 .4% to 3.3% . The incidence of abrupt
closure did not vary significantly by institution (range 0% to
7.9%) .
Etiology of abrupt closure. As assessed by the individual
center, the cause of the abrupt vessel closure was coronary
thrombosis in 22 procedures (51 .1%), dissection in 13
(30 .3%) and indeterminate in 4 (9.3%) . Guide catheter dis-
section developed in 4 procedures (9.3%), each involving
atherectomy of the right coronary artery. The development
of angiographically apparent coronary dissection was asso-
ciated with a markedly increased risk of abrupt closure
(Table 3) . Although coronary perforation occurred in seven
procedures during the study period, it was associated with
criteria for abrupt closure in only one patient, who subse-
quently underwent uneventful coronary bypass operation. In
the six procedures with coronary perforation but without
abrupt closttre, emergency and elective coronary bypass
operations were each performed in two patients . Additional
angiographic findings in patients with abrupt closure in-
cluded distal emboliration in seven patients, coronary spasm
in three and side branch occlusion in one.
Procedural outcome after abrupt closure . After the devel-
opment of abrupt closure, balloon angioplasty was at-
Abrupt Closure
N = 43
(n I%1)
No Abrupt
d onate
N=977
(n
i3])
Overall
N = 1 .020
Timing of closure
During atherectomy 31
In laboratory 3
In hospital 9
Pedprocedural
Prolonged angina 261601 30131 56 151
nypotension 51121 9111 14111
Bradycardia 4191 1011] 14111
V-tacb/fib 51121 710.71 12111
Death 2 [51 310.31 510.51
Poetprecedural
QwaveMO 6[141 610.6! 12[1)
NemQ wave MI 11(261 37 (4) 48[51
Emergency CABG 21149] 12 [1] 33
131
Elective CABG 4 191 13 ill 17 121
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Table 3. Angiographic and Procedural Features of 1,140 Lesions Undergoing Coronary
Atherectomy
-Analysis was not performed because there were no observations ]n the abrupt closure group . Number and
percent reported for each variable because of missing values. DCA = directional :omnary alberectomy ; long =
irregularities;LAD = left anterior descending coronary artery ; LCx = left circumflex coronary artery ; Left main =
left main coronary artery ; PfCA = coroocry ungiop!esty ; RCA = right coronary artery ; SVG = sarhen. . . vein area.
was not attributed to abrupt closure, two died of refractory
ventricuia- arrhythmia and one died of
progressive cardio-
genic shook.
Figure 2 . Outcome of 43 patients experiencing abrupt vessel closure
after coronary atherectomy . CABG = coronary bypass operation;
MI = myocardial infarction ; PICA = coronary angioplasty .
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Discussion
This multiceseter experience with directional coronary
athcrectomy comprised 1,020
procedures performed during
the preclinical evaluation period of the procedure . Atherec-
tomy was successful, defined by the previously stated etite-
Table 4. Procedural Outcome by Primary Etiology of Abrupt
Vessel Closure in 43 Cases
Abbeevia0ons as in Table 1 .
Feature
Abrupt Closure
N = 43
In ]901)
No Abrupt
Closure
N = 1,097
In [90])
Overall
N = 1,140
In 150])
Likelihood
Ratio
Univariate
p
Artery
LAD 22[51] 5821531 604153] 0
.92 NS
RCA 181421 2281211
2461221 2.74 0.001
LCx 0101
70161 10161 NS
Left main 0101 30131 39131
•
NS
SVG 3]^,i 187[1'] 190517] 0.36 0 .08
Location
Ostial 3171
1061101 1091101 0.70 NS
Proximal 20[471 555 [501 5751301 0.85 NS
Mid
19 [441 357 (331 3761331 1.61
NS
Distal 1 121 79171 8017] 0.31 9S
Lesion length
Focal 10 [471 591 1541 611154] 0
.74 NS
P.-ulor 141321 389[351
399 [351
0.89 NS
Diffuse 99[21] 121 1111 130111] 2 .13 0.04
Eccentric 32174] 6650621 7171631 1
.74 0.06
Calcified 91211
168 [151 177115] 1 .46 NS
Mutivessel disease 161371 4481441 456145] 0.70 NS
PICA We, DCA 12 [28] 2021211 2141211 1 .48 NS
PTCA
after
DCA 27 [631 119 [121 1461141 829 <0.001
Pu0atbarectemy
I uminal irreg 7 [16] 172 [161
179116] 1 .04 NS
Dissection 15135] 5616]
71(71 9.22 <5 .001
Intimal fla7 4191 29131
33131
3.42 0 .02
Perforation.
1 [21 610 .5] 7 10 .61 4.32 NS
Dissection
N=17
Thrombus
N=22
Indtleminanl
N=4
Overall
N=43
PICA
Successful 3
10 3 16
Usnenoessful 8 8
0 16
CABG
Emergency 1 3 I 5
Elective 4 0 B 4
After failed PICA 8 7 0 IS
No PTCAICABG i I - 2
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na, in 83% of procedures. Although unsuccessful otherec-
tomy was variably attributed in such factors as inability to
position the device across the stennsis or failure to retrieve
tissue, it was attributed to abrupt vessel closure in 4,254 of
procedures. Several clinical. aagiogrnphle and procedural
factors correlated with the development of abrupt closure
after coronary atherectomy- providing insight into which
paaenls may be at increased risk lot this complication .
Balloon angioplasty was often effrctivc in reversing the
abrupt closure . although coronary bypass surgery was even-
tually performed in >50% of the patients .
CB lealsudonglngraphicrorrelatesofabruptclosureafter
directional atherectomy
. Depending on the definition used,
abrupt vessel closure occurs in 4% to 8ff of patients under-
going standard balloon angioplasty 11-4,13,141 and is asso-
eiated with significant morbidity and mrratity It .3.43. Al-
though the occurrence of abrupt closure after balloon
angioplasty remains largely unpredictab'c, certain clinical
and angiographic variables have keen correlated with its
development. Multivessel disease (1 2) . I•_ siuns with exces-
sive length (branch points or beads 421 and lesions in
arteries with other stenoses (1 ,2;, containing th omhus
(1,2,16,17) or within the right coronary artery 1181 have all
been associated with an increased risk of abrupt closure .
Certain postprocedural variables
. such as a significant resid-
ual percent diameter stenosis t2) and the presence of angio-
graphically evident dissection (1.2), have also been cosre-
lated with an increased propensity toward abrupt closure
after standard balloon angioplasty .
Earlier single-center series of directional coronary
athereclomy noted coronary occlusion rates be : .oeen 1 .5%
and 4% (7,19,20) . In this mu€ticenter experience. an abrupt
vessel closure rate of 4.2% is reported . Dc none lesions.
lesions within the night coronary artery and ditPase lesions
were all associated with a two- to threefold higher risk r .f
abrupt vessel closure. Moreover, the devehrpmeat of a
coronary dissection during coronary atherectomy resulted in
a nearly 10-fold increase in the risk of abrupt closure.
Although not specifically addressed in the current study,
other lesion characteristics, including slenosis anguiation
and proximal vessel tenuosity, have been associated with
ischemic complications after directional atherectomy 711)-
As a result. current use of directional atherectomy in these
lesions subsets is somewhat limited,
The association between the number of specimens re-
trieved after directional atherectomy and the prevalence of
abrupt closure may be accounted for by two possible mech-
anisms . First, more rigorous tissue resection may result in en
improved lumen after atherectomy . thereby reducing the
nidus for subsequent platelet aggregation and thrombosis . A
more likely explanation is that less tissue was obtained in
patients with abrupt closure because the procedure was
terminated prematurely because of complications .
Successful coronary atherectomy has been reported in
patients with lesions hi saphenous vein grafts (21,22), but
some studies have reported distal embolization
. theambotic
occlusion and disruption of vein gra .'t sutures complicating
i'OPMA £T AL.
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atherectomy in these lesions 121,2_) . in the present series,
lesions in vein grafts tended to be associated with a tower
likelihood of abrupt closure than that of lesions in native
corcmoy v-esscls . However, because of the risk of distal
emholizatioo, directional coronary athereclomy should he
used with caution in aged grafts, parlicrtlarly those with
degeneration -
htiolory of abrupt vessel closure : dissection versus throm-
hlnss. Pathelegic studies have demonstrated that balloon
angieplasty evens its beneficial effects an the obstructive
coionarv stenosis by splitting the atheromatous plaque .
resultine in varying degeets of intimal and medial disruption
and mural thrombus formation (2324). Angiographically,
these changes are manifested as intraiuminal haziness and
coronary dissection, and their presence has been correlated
with abrupt closure (2,25 261 . in contrast . pathologic study
of patients undergoing coronary atherectomy failed to dem-
onstrate plaque fracturing a,d medial di
;sectioii 127k In-
stead,
discrete defects in the atherama and normal vessel
wall were anted, associatesi with similar tissue constituents
in the reseeted specimens. Acute mural rarombus was oh-
served after coronary atherectomy even when the depth of
the resection was limited to the intima 1271 . In the present
series both coronary dissection and coronary thrombosis
were identified angiographically in the vessels with abrupt
closure . Despite the improved angiographie appearance
compared with that obtained by balloon angioplasty (9) and
the relatively "controlled" excision imparted by coronary
atherectomy (27), a significant sides for mural thrombosis
may remain in some patients . In this series, guide catheter-
induced dissections occurred only within the right coronary
artery . prompting modifications in the design of the right
coronary aver; eaidieg catheters . Other coronary dissee-
In-ns may have resulted From nose-cone or atherectomy
housing vascular injury, dissection planes created during
atherectomy or vascular barotrauma resulting from balloon
inflations . Concomitant
angiographic
complications
were
relatively uncommon in patients who had abrupt closure
after coronary atherectomy. Distal emholization occurred in
seven patients, coronary spasm in three patients and side
branch occlusion in one patient-
Clinicil nureome of abropr elnmre after directional earn .
nary alberedu.p . As with balloon angioplasty (1 .2,13),
abrupt vessel closure developed in the majority of patients
undergoing atherectomy while they were still in the eathe-
tneiealion laburale y ; however, in >20%, abrupt closure
developed hours to days later, underscoring the importance
of continued elese manicuring after atherectomy . Although
abrupt closure has been temporally associated with cessa-
tion of heparin therapy after coronary angioplasty (28), this
association was evidenced in only one patient in the present
senes .
In the event of abrupt closure after balloon angioplasty,
resolution may be achieved with standard angioplasty in
nearly 5111% of patients (1 .3 .13,29). With the concomitant
administration of tbrombolytic agents, even higher rates of
recanalization may be possible (30) . In the present series,
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balloon angioplasty successfully resolved the closure epi-
sode in nearly 40% of procedures . particularly when the
cause of the closure was thrombus or indeterminate . Balloon
angioplasty tended to be less successful in resolving abrupt
closure when the principal mechanism was coronary dissec-
tion . Thus. although it may be useful to attempt balloon
angioplasty in patients with thrombotic occlusion, an impor-
tant coronary dissection may be best treated by early coro-
nary bypass operation .
Despite timely balloon angioplasty and coronary bypass
operation in patients who had abrupt closure after direc-
tional atherectomy, myocardial infarction developed in 39%
of patients, an incidence similar to that in previous reports of
abrupt closure after balloon angioplasty
(1,3) .
Guide wire fractures have been initially well tolerated in
patients after standard balloon angioplasty (31,32)
. In the
present series, guide wire fracture caused delayed arterial
thrombosis 96 h after coronary atherectomy, resulting in one
patient's d eath . i n retrospect urgent coronary bypass oper-
ation might have averted this complication and should be
considered in future cases of guide wire fracture after
coronary athereetomy, particularly when the wire fragment
is located in an artery that subtends a large region of
jeopardized myocardium .
Limitations. The current study has several important
limitations. First, we report the frequency of abrupt vessel
closure after directional atherectomy during its initial appli-
cation in a multicenter experience, often with use of a
guiding catheter and atherectomy device designs still in
evolution during the study . Operator experience is an impor-
tant determinant of the outcome of directional coronary
atherectomy (11) and may also be important in preventing
abrupt vessel closure . As newer equipment becomes avail-
able and operators gain more experience, lower rates of
abrupt closure may be expected . Second, the angiographic
variables used to identify :he risk of abrupt closure in the
present study may be somewhat incomplete. Nevertheless,
these variables form a potential basis for further study using
central angiographic core laboratory analysis and prospec-
tively defined, standardized angiographic criteria . Although
general guidelines for the management of abrupt closure may
be suggested by our initial observations, the decision to treat
patients in this series with balloon dilation, direct coronary
bypass operation or conservative therapy was left largely to
the principal investigator and based on such heterogeneous
factors as patient age, hemodynamic stability and territory of
abrupt vessel closure . Furthermore, the evolving treatment
methods for abrupt vessel closure, such as intracoronaey
scenting and laser balloon angioplasty, may in the future
offer alternatives to emergency bypass surgery for patients
who have abrupt vessel closure after coronary atherectomy .
Finally, direct comparison of the incidence of abrupt closure
after directional atherectomy versus that after balloon an-
gioptasty remains problematic because of patient selection
bias and the use of directional atherectomy in unfavorable
lesion subsets . Results from an ongoing randomized trial of
balloon angioplasty and directional atherectomy are
awaited.
Appendix
JACC Vol . 19. No. 7
Jun, 19T- :13-
Clinical Sites of the U.S. Directional Atherectomy Investigator Group
Sequoia Hospital, Redwood City, CA
. John Simpson
. MD. Gregory Rob
.
cr son, MD . Tnmuaki Hinoharu . MD, Maahew Selmon. MD .
Uidwrsily or Michigan, Ann Arbor . MI . Eric Topol, MD . Stephen Ellis.
MD.
Emery Calumny, Atlanta. GA. Spencer King MD, John Douglas . MD.
Nicholas Lembo, MD.
St
. Vincent's H,npirl, Indianapolis, IN . Cass Pinkenon, MD.
May
. Clinic . Rochester. MN. David Holmes . MD, Kirk Garrett. MD .
Ronald Vlielsna. MD. John Brcxnahan. MD .
Ban Israel Hospital, Briton, MA. Donald Baim, MD. Robert Saaan, MD .
Christ Hospital . Cineinntt, OH . Dean Kereiakes . MD . Charles Ab-
b otlsmtth. M D .
Cinoslead Conic, Cleveland, OH . Patrick W hifl .w. MD. Jay Helena .
MD.
MM-Amerkan Heart Institute, Kansas City, MO, Geoffrey Hartalar, MD.
Georgetown Univeray Hospital, Washington, D .C . Kenneth Kent, MD .
Rhode Island Hespitdl, Providence, RI . David Williams, MD
.
Medical College of Virginia, Richmond, VA
. Michael Cowley
. MD.
St . Joseph's Hospital, South Bend . IN . Mark Smucker, MD .
Texas Heart Institute, Houston, TX
. Wayne Dear . MD .
References
I . Deter KM . Holmes DR Jr.. Holuhkov R . et al. Incidence and conse-
quence of periprocedural occlusion : the 1985-1986 National Heart, Lung,
and Blood Institute Persutaneous Trnsluminal Canonary Angioplasty
Registry. Circulation 1990 :82:739-50.
2. Ellis SG
. Roubin GS
. King SB III, et al. Angiogmpbic and clinical
predictors of acute closure after native vessel coronary angioplasty .
Circulation 1988:77 :372-9.
3. de Feyter Pt . van den Brand M . )aarman G, van numbing R, Sermy
PW. Suryaplanala H. Acute coronary, artery occlusion during and after
pereuluneaus transluminal coronary angioplasty . Guideline 1991:83 :
927-36 .
4. Linceff AM, Popma JJ
. Ellis SG
. Hacker JA, Top.] Et. Abrupt vessel
dos
omplicating coronary angioplasty : clinical. angiogrephic and
therapeutic profile.I Am Call Cardiol 1992:19:926-35.
5 Ryan 173. Faaaa DP. Gc,nar RM . e t al. Guidelines for percuimmous
Iransluminal coronary angiopl,,ty : a upon of the American College of
CardialogylAmerican Heart Association Task Force on Assessment of
Diagnostic and Therapeutic Cardiavasaoiar Procedures (Subcommittee
on Pemulaneous Trnsluminal Coronary Angioplasty) . I Am Call Cmdiol
1988:12:529-45 .
6. Ellis SG, Vandormael MG,
Cowley MJ, el al . Coronary morphologic and
clinical deler
.ninams of prceduat outcome with angioplasty for multi-
vessel coronary disease : implications for patient selection . Circulation
1990:82:1193-202.
7. Hinohar T. Robertson GC. Selmon MR, Simpson In. Directional
coronary atherectomy .I Invasive Cardiol 1990 :2 :217-26.
8. Schatz RA
. Balm D5
. Leon M . et al. Clinical experience with the
Palmaz-Schalz coronary lent
: initial results of a multicenter study .
Circulation 1991 :83 :148-61 .
9 . Row,, MH. Hinohar T, White NW, Robertson GC, Salmon MR, simp .
son 1B . Comparison of dissection rtes and angiographic
results
following
directional coronary atherectomy and coronary angioplasty . Am J Cardiol
1990:66:49-53 .
10 . Hiuohar T, Rowe M. Robertson G, Selmon M, Redden L. Simpaan Ill .
Directional cmmnary atherectomy for the treatment of coronary lesion
with abnormal contour
. J Invasive Cordial 19902 :57-63 .
u . Ellis 5G. Dc" . NB . Pinkenon CA, et al. Relation or stenosis
morphology
and clinical presentation to the procedural results
of direr
Iionel coronary ateredomy . Circulation 1991 ;84:614-53 .
12. The TIM!, Study Creep. The d,ma,bolysis in myocardial iMarclbn
ITIbfl1 trial. N Eng1 J Med 19g5J12 :932-6 .
JACC Vol. 19, No
.
7
June 1992 :1372-9
13 . Sinclair IN . McCabe CH . Sipperly ME . Baim DS. Predictors. therapeul!c
options, and long-term outcome olahrupt closure . Am J Cardiol 1988
:61 :
61G-6G .
14 . Stefenino G . Meier B . Finci L . et al . Acute complications of elective
coronary angioplasty
: a review of 5do consecutive cases. Br Heart 1
1988 ;39:151-8.
15 . Cowley MJ . Dorms G . Kelsey S F. a n Radon M . Deter KM. Acute
coronary events associated with percutaneous transluminal coronary
angioplasty
. Am J Cordial 1984
:53 :12C-6C
.
1 6. M.N. TA. Holmes DR Jr. Smith H C . er al . Immcoranary thrombus: rcle
Call-, complicating pemuluneoas lraosluminal coronary
sngioplasty
. 1 Am Coll Cardiol 1985i5 :198-20,
17. Arms RR . Plalko WP. Bhadwar K. Simpfendorfer C. Role of inlmcoro-
nary thrombus is acute complications during percutaneous uarntumieal
coronary angioploery, Caches Cardiovasc Ding. 1989 :16:226-9 .
18. VaskaKl .NuenweilerJM.CumminnFE ACUtecaronarvocduslonafter
percutaneous tmnsluminal angioplasty of the right coronary anery . .Am 1
Cardio) 1990:65:1263-4.
19 . Kaufmann UP. Gartan KN . Vii-um RE. Menke KK . Holmes DR Jr .
Coronary athereclomy : first 50 patients at the Mayo Clinic. Mayo Clinp-
; 1989
:64
:747-52.
20. Safian RD. Gelbfish IS. Prey RE . Schnill Sl . Schmidt DA . Baim DS.
Coronary athereclomy: clinical. angiographic. and histologic findings and
observations regarding potential mechanisms. Circulation 1990:8=99-79.
21 . Kaufmann UP, Garrott KN. Vlietstm RE. Holmes DR. Teanslaminsl
athereclomy of saphenas vein aonocoronary bypass grafts Am 3
Cordial 199865 :1430-33 .
22. Kahn JK. Hanzler GO. Retrieval of ,in rural) suture fragments with
directional coronary athereclomy : a note of caution . Am Heart 1 1990 :
120:692-6.
23.
Walter
SF. -Crackers, breakers. stretchers . d:illers . snipers- shavers,
5umers, welders and matters'"-the future treatment of atherosclerotic
POPMA ET AL.
	
1379
ARRCVrvoSSELCLOSUREAFTERATHERECrOMY
rv curry
disease? A clinical-morphologc assessment . I Am Coil
Cardio11989:13:969-87.
24
. Austin GE
. Rmlit NB. Hillman !. Tabei S. Phillips DF . Inlimal prolif-
eration of smrath muscle cells as an explanation for recurrent corollary
artery stenosis after percataseas transtuminal coronary angoplasty .
1 Am Coll Cardiol 1985 :6:369-75 .
25. Goldbaum T . DiSciascio G. Cowley Ail . Vetrovec GW. Early occlusion
following successful coronary angioplasty : clinical and cngiograpinic
observations. CarhetCardiovasc Diagn 1989AT -7 .
26. Black Al
. Namay DL. Niedeoean AL . et al . Tear or dissection after
coronary angioplasty: morphologic correlates of as ischendc complica
Lion . Circulation 19R9:7Ri015-42.
27 . Gzrmts KN. Edwards WD. V!iclstsa RE. Ksufrrrnn UP
. Holmes DRJr.
Coronary cooThubgy after percutaneous directional coronary atherec
.
",my in hununs autopsy analysis ofthree
patients-I
Arn Call Cardiol
1990:16:1433-6.
28
. Gabliani G
. Deliganul U . Rome ML Vastdormael M . Acute car0ary,
wla, ring of- -c-fill percutaneous Imnsiuvunal coronary
angioplaurr: temporal relationship to disoontiaalia of anticoagulation.
Am Heart 1 1980:116:696-7m .
29. Buccino KR
. Beennre AS
. Brnwr a Ky
. Acute reocdasion dmiag percu-
laneous transluminul comnily' asiioylasty : immedc. ;e ...d -g-term
outcome. Cather Cardiovasc Diagn 1969;17:759 .
30. Glib, DC. Daniel WG. Simon Sonar . Roleoflhrombolysisanal thrombin
in parents with mule coeorosry ocdasion during percutaneous imnslum-
red coronary angioplasty . I Am Cog Cordial 1990:16:563-8.
31 . Doorey AI. Stillabawne M . Fractured and retained guide-wire fragment
during roroaar angioplasty-onfoseseen late sequeiae . ralhel Caediovase
Diagn 1990
:20:218-40.
32. Hanmler UU. Rulhesford RD. McConahay DR. Relaiced pemmasterats
anetemioalcoronaryangioplaslyequipment companentsard brienear-
agement . Am I Cardiol 1997 .60:1260-4.
